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The COVID-19 pandemic has spread globally and the situation is grim. COVID-19 is concealed and highly contagious, and can be transmitted through droplets, contacts, the fecal--oral route, and aerosols. According to the International Code for Virus Classification and Nomenclature of the International Committee on Taxonomy of Viruses (ICTV), the virus was initially named "severe acute respiratory syndrome coronavirus 2" (SARS-Cov-2) \[[@CR1]\]. The key factors for success in the fight against COVID-19 include accurate screening and isolation of infected patients, availability and appropriate allocation of adequate medical resources, and correct treatment of critically ill patients. Surgeons also play a pivotal role in this epidemic.

Progress in the diagnosis and treatment in COVID-19 in China {#Sec2}
============================================================

Progress in COVID-19 diagnosis {#Sec3}
------------------------------

The diagnosis of COVID-19 is based on epidemiological history, symptoms and signs, blood tests, chest imaging scans, and nucleic acid or serum antibody detection. Chest computed tomography (CT) is also an important examination for COVID-19 patients because of its simplicity and non-invasiveness. The diagnostic sensitivity of chest CT to COVID-19 is reported to be higher than that of the real-time polymerase chain reaction (RT-PCR) nucleic acid test, especially during the incubation period before a positive result of the RT-PCR nucleic acid test is detectable, when some characteristic features of COVID-19 have been observable on CT images \[[@CR2]\]. Most lesions are distributed in the subpleural or lateral lung regions of both lower lungs, and some along the bronchovascular bundle \[[@CR3]\]. The typical CT presentation of COVID-19 is ground glass opacity (GGO) shadows, pulmonary consolidation, and pulmonary sub-segment vasodilation to a vascular diameter of greater than 3 mm \[[@CR4]\]. The artificial intelligence (AI) model combined with the CT imaging and clinical information has the same diagnostic accuracy as a senior chest radiologist and, therefore, serves as a useful screening tool \[[@CR5]\]. A multi-center retrospective study found that extensive learning of the AI model can help detect COVID-19 accurately and distinguish it from community-acquired pneumonia and other lung diseases \[[@CR6]\]. RT-PCR detection of SARS-Cov-2 nucleic acid and the expression of specific antibodies against SARS-Cov-2 in serum is a common diagnostic technique; however, there have been false-negative results of SARS-Cov-2 nucleic acid detection, which may even cause a re-detectable positive RNA test in discharged patients. Therefore, it is necessary to continuously optimize the various techniques of sampling, transferring, and testing to ensure the accuracy of the confirmed diagnosis. Studies have shown that the nucleic acid positive rate of nasal swab sampling is higher than that of throat swab sampling \[[@CR7]\]. We collected a total of 122 nasal, 114 throat, and 97 rectal swabs from 44 recovering patients. Comparison of the positive rates of viral nucleic acid detection showed that the nose--throat double-swab sampling was the best clinical sampling method, especially as one of the discharge criteria for recovering patients (unpublished data).

Asymptomatic infection means no presenting clinical symptoms, but a SARS-Cov-2 pathogenic test or a serum-specific antibody test of respiratory tract specimens shows a positive result \[[@CR8]\]. There are two common situations: one is that the infection may be in the incubation period and a positive nucleic acid test result can only be detected in the middle and late periods; the other is that the symptoms are mild and a positive nucleic acid test result can only be detected during convalescence. It is well documented that droplets are the main mode of transmission of asymptomatic infections \[[@CR9]\]. Currently, reports about patients with asymptomatic infection are mainly identified during the screening of close contacts. Such a limited research method will inevitably underestimate the number of patients with asymptomatic infection, and more importantly, asymptomatic patients are no less contagious \[[@CR8]\]. Therefore, we should devote more effort to screening and identifying such patients as early as possible, especially those who are scheduled to undergo surgery. From May 11, 2020, Wuhan City, China began screening for asymptomatic infections by universal nucleic acid detection in a "combined sample" mode. At the same time, the results of the Phase-1 Clinical Trial of the Ad5 adenovirus vector COVID-19 vaccine (Ad5-nCoV) published by Academician Chen Wei's team at the Chinese Academy of Military Medical Sciences on May 22, 2020 showed that the vaccine was safe and well tolerated \[[@CR10]\].

Progress in COVID-19 treatment {#Sec4}
------------------------------

COVID-19 can progress rapidly in some patients, causing them to be severely or critically ill within days. The typical clinical manifestations of critically ill patients are respiratory failure and even multiple organs failure. A multi-discipline team (MDT) is required for the emergency treatment of such patients, including tracheal intubation or tracheotomy, ventilator-assisted breathing, ECMO, hemodialysis, and artificial liver blood purification. Progressive exacerbation of the condition is associated with a continuous decrease in the number of lymphocytes and a significant increase in neutrophils \[[@CR11]\]. According to Professor Taisheng Li \[[@CR12], [@CR13]\], this situation may arise from an \"inflammatory storm\". To curb this reaction as quickly as possible, these patients should be given a sufficient amount of immunoglobulin (0.3--0.5 g/kg/day) in the early stage of acute exacerbation, about 7 days after the onset of disease. Studies have shown that there is a correlation between inflammatory factor IL-6 and the severity of COVID-19 infection. The IL6 antagonist tocilizumab (400--800 mg) can also block the "inflammatory storm" and ameliorate the symptoms of moderate and severe COVID-19 \[[@CR14]\]. Although administering a plasma infusion to critically ill patients during the recovery period can relieve their clinical symptoms within 24--48 h, it cannot reduce the mortality rate of critical and end-stage COVID-19, and therefore the treatment should be started as early as possible \[[@CR15]\]. The therapeutic effect of stem cell infusion against severe COVID-19 is also remarkable \[[@CR16]\], knowing that it can reduce or even reverse the damage arising from interstitial pneumonia through paracrine, anti-inflammatory, and immune regulations and antioxidant mechanisms. The inhalation of a mixture of hydrogen and oxygen can significantly improve breathing difficulties in most COVID-19 patients \[[@CR17]\]. Moreover, a hypercoagulable state may develop in some patients because SARS-Cov-2 also attacks vascular endothelial cells. Abnormal coagulation caused by excessive immune response can lead to significant changes in coagulation parameters, or even disseminated intravascular coagulation (DIC) in critically ill patients \[[@CR12]\]. The subcutaneous administration of low molecular heparin (100u/kg, q12h) is given to prevent deep vein thrombosis \[[@CR12]\]. At the same time, alterations in the intestinal flora through the oral administration of probiotics may also alleviate the severity of the disease \[[@CR18]\]. All these treatment measures have been applied in our ward, and achieved good therapeutic outcomes.

The symptoms were relieved by appropriate treatment in some COVID-19 patients, but the result of their repeated nucleic acid amplification tests (NAATs) remained positive. The possible reasons for this are the pathogenic characteristics of SARS-Cov-2, immunodeficiency of the patient, systemic use of glucocorticoids, intermittent detoxification of the body during the process of inflammatory absorption, and problems related to the etiological detection methods \[[@CR19]\]. For such patients, it is necessary to intensify systemic support, enhance immunity, actively treat the underlying diseases, and administer antiviral treatment. Recent studies suggest that some drugs, including hydroxychloroquine \[[@CR20]\] and certain Chinese herbal medicines \[[@CR21]\], have the potential to treat COVID-19 with promising application prospects. On May 19, 2020, the South Korean CDC \[[@CR22]\] released a study on patients with COVID-19 re-infection, suggesting that COVID-19 patients with re-infection are not infectious. Patients discharged from hospital after two negative nucleic acid test results do not need to isolate for 14 days.

Surgeons play an important role in the front-line battle against COVID-19 {#Sec5}
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The unique role of surgeons in the battle against COVID-19 {#Sec6}
----------------------------------------------------------

Surgeons have vast experience in perioperative management and can treat COVID-19 patients independently according to their distinguishing features. Pulmonary infection is a common and potentially devastating complication that surgeons encounter regularly, especially in elderly surgical patients. It is often similar to the severe pneumonia associated with COVID-19 and the treatment principles and experience can be shared. The treatments for ARDS caused by severe and end-stage pneumonia are the same \[[@CR23]\]. Moreover, surgeons are familiar with the process of MDT and can adapt to this collaborative mode of work quickly in the front-line battle against COVID-19 \[[@CR24]\]. In areas where there are large numbers of patients with COVID-19 infection, there is often a shortage of personal protective equipment, and therefore reducing the in-and-out frequency of surgeons who need to work long hours in isolation wards can help ease the burden of supply shortage. At the same time, surgeons can consult about procedure-related complications of infected patients in the COVID-19 wards \[[@CR25]\]. Surgical complications in COVID-19 wards should be treated primarily with non-surgical measures. If the non-surgical measures do not work well, surgeons should choose the method that will cause the least body fluid exposure and minimal trauma to the patient, such as colonoscopic interventions that colorectal surgeons can perform easily, and avoid surgery as much as possible \[[@CR26]\].

What surgeons must learn in the front-line battle against COVID-19? {#Sec7}
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Being familiar with the characteristic features of COVID-19 and the related diagnosis and treatment are paramount for surgeons working in the front-line battle against COVID-19. Surgeons need to acquire more specialized knowledge in internal medicine, infectious diseases, and intensive care medicine. They should also master related rescue skills for critical COVID-19 patients within the shortest possible time, including tracheal intubation in emergency situations and the use of ventilators or ECMO \[[@CR27]\]. At the same time, it is essential for surgeons to be adept at donning and doffing personal protective equipment (PPE) and to understand the requirements of working in the isolation ward \[[@CR28]\]. Only when surgeons meet all these requirements can they apply rational and scientific rescue measures to the treatment of each COVID-19 and critically ill patient.

Perioperative management and standardization of surgical procedures for COVID-19 patients {#Sec8}
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Perioperative management of COVID-19 patients {#Sec9}
---------------------------------------------

The surgeon must screen all "non-COVID-19" patients. Most hospitals in China have established fever clinics to screen patients with confirmed or suspected infections in advance, which can effectively triage infected and non-infected patients and reduce the exposure of surgical staff to COVID-19 infection \[[@CR29]\]. In principle, scheduled or elective surgery should be postponed for patients with suspected or confirmed COVID-19. Surgery should be performed only for life-threatening emergencies in these patients. To identify the appropriate timing of emergency surgery for a critically ill COVID-19 patient, MDT discussion should take place. Patients with suspected or confirmed COVID-19 infection who require emergency surgery must be transferred to the negative-pressure operating room (− 5 pa or less) by the designated person via a dedicated channel \[[@CR30]\]. The number of medical staff involved in the surgery must be strictly limited (5--6 people). For critically ill patients, the anesthesiologists should arrange for ICU equipped with isolation measures. All surgical participants should follow third-level protection and adhere to 14-day quarantine for medical observation after the operation \[[@CR31]\]. All surgical waste must be sorted and disposed of immediately in a double-layer clinical waste bag marked "COVID-19". In addition to routine sterilization of the surfaces and floors of the operating room, equipment purification maintenance engineers should be notified to replace the air inlet and exhaust systems and the internal filter of the purification unit. Patients must be isolated in an isolation ward after surgery. Apart from the surgical management, it is also necessary to monitor major vital signs and blood oxygen saturation routinely, administer oxygen and perform regular chest CT scans.

Surgical specifications for COVID-19 patients {#Sec10}
---------------------------------------------

In addition to routine preoperative evaluation, anesthesiologists must monitor every patient for signs of lung infection and their general condition. Before the end of operation, the anesthesiologist should clear the patient's airway secretions under deep anesthesia and remove the tracheal intubation before the patient wakes up \[[@CR32]\]. Surgical instruments, for open surgery or endoscopic surgery, must be cleaned after contact with the patient's body fluids. Aerosols are produced in the process of cutting or separating tissues and organs during surgery. The smoke evacuation system with appropriate filters can reduce the risk of exposure \[[@CR33]\]. The power of the energy platform should be minimized and the prolonged use of electrical and ultrasound equipment to cut the same anatomical site avoided. During laparoscopic surgery, CO~2~ circulation in the abdomen will accelerate aerosol diffusion to the air; therefore, it is necessary to check meticulously for air leakage around the trocar hole before laparoscopic surgery. It is recommended to use a constant-pressure pneumoperitoneum machine and a suction device to remove smoke and fog before opening the abdomen \[[@CR34]\]. It is also necessary to follow the indication for ostomy during surgery. In pandemic focus areas, the nursing process after fistula surgery can increase the risk of infection of the MCWs. Finally, the surgeon needs to wear robust protective equipment and multi-layer gloves, which do increase the difficulty of the operation, but can be adapted to through short-term training.

Conclusion {#Sec11}
==========

Many surgeons have participated in the anti-COVID-19 work in China, which has helped relieve the current shortage of front-line MCWs, although it is their responsibility to do so. As surgeons have diverse clinical experience, their participation in the diagnosis and treatment of COVID-19 patients will help control the pandemic provided they utilize their unique advantages and close the gap with the infection control workers.
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